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SUMMARY

In propused RPV systems the quality of the video Information displayed
to the operator will greatly {nfluence the probability of ground target strike
mlssion success, Further, the susceptibility of the video data link to
jammlhg will be a major determinant of video quality, The reported study
examined the effects of three video frame rates (1,88, 7. 5, and 15 frames
per second) and three signal-to-noise ratios (30, 22, and 15 db) on operator
target acquisition performance in a simulated RPV mission. Target type and
location were pre-briefed,

An initlal seven kilometer range-to-target and a 165 meter per second
closing rate were simulated, At the beginning of the mission the operator
viewed the trrget scene with a 26,9 by 19,9 grad sensor fleld of view. Once
the target/target area was recognized, a 3 to 1 zoom was commanded by the
operator te provide greater detail for target acquisition which was accom-
plished by slewing the sensor to position the target under fixed crosshalrs.
Performance measures were range-to-target at acqulsition and probability
of correct target acquisition,

Both signal-to-nolse ratio and frame rate had large effects on operator
performance. A three-to-one improvement in range-to-targat at acqulsition
was achleved when signal-to-nolse was increased from 15 to 22 db. Target
acquisition probabllity Increased by more than 100 percent from an avarage
of 0,3 for 15 db to better than 0,7 when signaleto-nolse was increased to
22 db,

Increasing frame rate from 1,88 to 15 frames per second improved target

acquisition performance., A hypotheslzed Interaction between slignal-to-nolse
ratlio and frame rate did not occur,

The results Indlcate that signal-to-nolse ratlo and frame rate can be
varied independently of one another in terms of operator performance.
Selectlon of a lower frame rate with the resulting reduced bandwidth and
reduced susceptlbility to jamming.wlll relult;lﬁ Improved operator perforin-
ance bacause of the improved signal-to-nolse “rvuvt‘lo‘. :
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Section 1

INTRODUCTION

Remote guidance of weapons systems has for some time been considered
as 2 means of reducing loss of high cost manned aircraft during military
engagements, Ground-to-ground missiles and remotely piloted vehicles are
candidate weapons systems that could be employed in place of manned air-
craft for precision ground strikes, Because many of these missions require
video information for target acquisition, successful operation of wide-band
video data links is a critical requirement for mission success.

The quality of the video information transmitted and displayed to the
remote operator will determine the operator's ability to recognize and des-
ignate targets for weapon delivery, Enemy noise jamming can degrade the
quality of displayed video information and result in degraded operator
nerformance, Thus to achieve mission success utilizing remote guidance
weapon systems, the data link must be protected against nolse jamming,

The lower the data rate of a digital data link, the greater the possibility
of maintaining its security, Reduced video frame rate is one of the more
promising methods of reducing the video data rate, For example, a 3,75
frame per second frame rate would result in an 8:1 reduction in data rate
compared to a standard 30 frame per second frame rate, The reduced data
rate would provide an increased signal- -to-jamming ratio (signal-to-noise
ratio) and hence a more secure video data link and leu degradation of
operator performance due to jammlng. _ T

A potential disadvantage of operating with reduced frame rate in a nolso
jamming environment {a that the visual integration of video signal information
which oceurs over time would be reduced, . The human visual system has an
integration period of approximately 0.1 second " Thus any visual signal
reputed at a rate of 10 cycles per second or faster wnl result in integration
. of thut llgm,l Because nolse is ra.ndom whereu“ground -ensor video is not,
lennor video will be mteguted to a greater exten“‘ fhm noise ‘at high frame
ratel. At low frnme rates, ‘visual integra.tlon of l!gnal and nolae may be
equlvdent. R o SRS

~Frame fate reductlon c‘an, r ‘have' tw 6 éé\i. teractlng influences

‘on opeutor target acqulsltion




“-.

"rs.te snd the susceptibllity of the dsta Iink to noise jsmmlng but it also

. The enhanced detectabuity of video signals‘ in noise at high frame rates
as been observed many times, However dats. which describe the relation-
: shlp between frame rate and nolse for a visual ground target acquisition task
are not known to exist, It waa the purpose of this study to obtain data that
describe that relationship R o~

' ',Communlcations engineers know the relationship between reduced data
rate snd signal-to-nolse improvement, ‘knowing the behavioral relationship
‘between frame rate and signal-to-noise ratio, the designer will then have the
necesssry information to determine system performance with redvced frame

. nte.



Section 2

STUDY METHODOLOGY

STUDY APPROACH

The study approach was a laboratory simulation of a RPV strike misaion
against pre-briefed targets, Nine combinations of video frame rate and
signal-to-noise ratio were investigated to access the effects of noise jamming

at various frame rates on operator target acquisition performance.

MISSION PROFILE

The Swedish RPV mission simulated a low altitude attack profile where
the target type and location were known. The mission began with the RPV
sensor activated at a pop-up altitude of 762 meters at a range-to-target of
approximately 7 kilometers, Initial sensor fleld-of-view was 26,9 by 19.9
grads (24 by 18-degrees) with the sensor pointing angle depressed 22.2 grads
(20 degrees) below the horizon, The target was always located within the
sensor field-of-view when the mission began, The RPV cioud at 165 meters
per second on a 5 grad (4,5 degrees) dlve angle, A3 to ]l zoomwas avallable
to allow a magnified 8.9 x 6.7 grad (8 x 6 degrees) fleld-of-view. Upon
recognlzing the target/target area the operator would change field of view
for target acquisition,

RESEARCH PARAMETERS

Video frame rate and signal-to-nolse ratio were variable parameters in
the simulation study. Video frame rates of 15, 7,5 and 1, 875 frames per
second were Investigated in combination with signal-to-noise ratios of 30,

ZZ, and 15.dB. The method for calculating signal-to-noise levels is described
below, Examples of the three signal-to-noise levels used in the simulation
are shown in Figure 1, The examples repreaent l. 'I'V -resolution of 256 by
256 elements with 4 bit gray scale encoding.’ . IR

Calibration of the signal- to-nolu ratio requlred a determination of
several parameters, These were the peak signal level the Inherent system
noise lcvcl, and the-galn through the noise insertlon channel, Prior to any
meuuremontl, the vldeo cyltam wu Optlmhed to obtuln the hlghent pos-
sible p!etun quallty. ‘
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RESEARCH EQUIFMENT

A computer-contrclled sensor display simulator was used to present the
test imagery to the operators, Displayed video originated with a talevision

camera fitted with a servo driven 20 to 1 zoom lens focused on a film trans-
parency mounted in a servo driven platform, The two directions of platform
translatory motion were used to simulate the azimuth and elevation sensor
pointing degrees of freedom, The zoom lens was used to simulate vehicle

range closure and the 3 to 1 field of view change required in the simulation,

The test linagery was illuminated with a strobe light which was flashed
at 15, 7.5 or 1, 875 frames per second, depending upon the particular frome
r rate being simulated, A white noise generator was used to achleve the

three signal-to-noise levels investigated,
| The operator viewed a 20. 3 cm by 15,2 cm standard televicion display
from a distance of approximately 61 cm, A rate controlling-hand control
with zoom and target designate switches was located for easy activation with
the right hand, A digital clock that counted seconds into the mission was
located direcily to the left of the display adjacert to where the operatore
positioned thelr briefing materials,

The experimenter's console provided various switches and controls which
aliowed the experimenter to direct the computer simulation, The computer
used was a Xerox Data Systems Sigma 5 which was interfaced to the simula-
tion equipment described above, A real-time computer program was written
to provide the required closing speed, divz angle, zoom activation, automatic
paranieter setting, and automatic Jdata collection, The computer program
recorded time at ioom, .and range from target at target designation, All
data, including subject number, trial and target number, parameter data, and
time were printed out, A detalled description of the total sensor system
simulator capabllity apears as a separate appendix to this report,

TEST IMAGERY AND TARGETS

The eighteen test and six training images used in the simulation study
were Jow altitude oblique photographs of rural and urban areas in the mid-
wost and north-east United States, All of the images represented a 762 meter
(2500-foot) altitude, A variety of targets were sampled, including: industrial
complexas, petroleum = oil « lubricants atorage tanks, bridges, vehicles,
railroad marshalling yards, and isvlated buildings,




Examples of two targets used in the simulation are shown in Figures 3
and 4, These examples show the target at both long ard short range. Fig-
ures 5 and 6, present three target views as seen on the operator's display
in the 30 dB signal-to-noise condition and approximated what the opcrator saw

as the mission progressed from start to finish,

BRIEFING AND REFERENCE MATERIAL

The briefing and reference materials used in the simulation study included
a briefing packet that contained three different oblique aerial photographs
and a written description of the target and local arca cues, Two of the acrial
photos depicted views of the target as seen from ranges of 2 and 5 kilometers
at slightly different aspect angles from the attack profile, The targct was
circled on the photos, The third photo was an enlargement of the target with
the targst aimpoint annotated, The 2 and § kilometer range photos were
intended to give the operator contexual information along his attack profile
that would aid him in quickly recognizing the target, The photo enlargement
was to show the operator the point on the target he was to designate,

The written description informed the operator of the target type, the
specific aimpoint he was to designate, and contexual cues present in the
scone that would ald him in quick recognition of the target, Prior to begin-
ning a trial the operator spent several minutes studylng the contents of the
briefing packet, The packet was available to the operator during the trial,

SUBJECT/OPERATORS

Nine Hughes engincering personnel participated as test subjects in the
simulation, All of the test subjects had participated in previous electro-
optical sensor simulations,

PROCEDURES

At t o beginning of the experimental session, the operator was piven a
set of standardized written instructions describing the objective of the simu-
lation and the task he would be perlorming, When the operator had read the
instructions the experimenter summarized the salient points and answered
any questions, Six training trials were given to familiarize the operators
with the types of targets and study parameters he would bs expericniing
during the experiment, Each combination of signal-to-noise and video {rame
rate was demonstrated to the operator during thees trials,

8
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a, Range 7 kilometers,

b, Range 3 kilometers

c. Range 0,4 kilomecters,

Flgure 8, Target number 5 "Bridge",
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Range 5 kilometers,

®

b. Range 2 kilometers,

¢, Range 0,2 kilometers,

Figure 6, Target number 17 "Bunker",
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Following training the operators received 18 test trials, Prior to the
beginning of each test trial the operator was handed a briefing packet and
informed of the video frame rate and signal-to-nolse values for the trial,
After the cperator had studied the briefing packet, any questions were
answered, The trial began with the display blanked and the digital timer
zeroed, When the operator had arranged his briefing materials and indicated
he was ready, the display was unblanked and the timer started, The operator
began searching the display to locate the target/target area as vehicle closed
on the target, After recognizing the target/target area the operator posi-
tioned the target under the fixed crosshairs at the center of the display using
the hand control and activated 3:1 zoom, With the reduced 8.9 by 6.7 grad
(8 by 6 degrees) field of view the operator re-acquired the target aimpoint
and positioned it under the crosshairs for final designation using a lock-on
button on the hand control, The entire session including training required

approximately one and a quarter hours,

PERFORMANCE MEASURES

Range-to-target and probability of correct target acquisition were meas-
ured and recorded for each simulation trial, Range-to-target at acquisition
was measured to the nearest meter, These data were used to perform
descriptive and inferential statistical data analyscs presented in the follow-

ing section,

13




Section 3

RESULTS AND DISCUSSION

This simulation study was conducted to investigate the effects of noise
jamming on RPV operator target acquisition with frame rates ranging from
1. 88 to 15 frames per second, The study had two Principle objectives:
1) test a hypothesized interaction between video signal-to-noise jamming and
video-frame rate and 2) obtain preliminary data on the operators' ability to
acquire targets with a simulated Swedish RPV system, Range-to-target at
acquisition (target recognized and designated) was the primary performance
‘measure used to allow these two objectives to be met,

The range-to-target at acquisition data were subjected to an analysis
of variance to test the reliability of the effects of signal-to-noise ratio and
frame raie on operator performance and were used to prepare plots which
describe the obtained relationships, The effect of signal-to-noise ratio had
a highly statistically reliable effecton operator performance, The probability
that the differences obtained among the 15, 22, and 30dB signal-to-noise ratios
could be due to chance was less than one out of one thousand (p < 0, 001),
Frame rate was statistically rellable between the 0.05 and 0, 10 probability
levels, The hypothesized interact'on between signal-to-nojse ratio and frame
rate did not cccur, The probability of there not being an interaction effect

was greater than 0, 25,

VIDEO SIGNAL-TO-NOISE RATIO

Figure 7 shows mean target acquisition range for the nine combinations
of signal-to-noise ratio and frame rate tested, Figure 8 shows the overall
effect of signal-to-noise ratio (SNR) and clea'ly demonstrates that the 15 dB
s13nal-to-noise ratio resulted In operator performance that was significantly
degraded compared to the 22 and 30 dB SNR's, Mean target acquisition range
was 1110 meters at 15 dB SNR compared.to 3109 meters at 22 dB SNR —
nearly a three fold improvement in operator i:erformance. Performance
continued to improve as SNR increased from 22 to 30 dB, although not as
dramatically as between the 15 and 22 dB SNR's, The mean target acquisi-
tlon ranges for the 22 and 30 dB SNR's were 3109 and 3831 meters,
respectively, a 23 percent performance improvement,

14
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MEAN RANGE TO TARGET AT ACQUISITION, METERS
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Noise jamming that results in video signal-to-noise ratios as low as
15 dB are clearly unacceptable. The results of this study indicate that
operator target acquisition performance improves as SNR increases up to
30 dB. Previous research (Hillman, 1967) has shown that SNRs above 30 dB
do not result in improved operator target acquisition performance and 20 dB
SNR is the minimum acceptable SNR for military target acquisition tasks,
The findings of the pPresent study generally agree with the previous research

findings,

VIDEO FRAME RATE

Increasing frame rate from 1,88 to 15 frames per second resulted in
improved operator target acquisition performance. Greater improvement
at the lower SNRs with high frame rates (the hypothesized interaction),
however, did not occur,

The nearly linear effect of frame rate on operator target acquisition
performance shown in Figure 9 was not anticipated, Past rescarch (Self and
Heckart, 1973) has indicated that frame rates from 1 to 24 frames per
second have no effect on operator target recognition performance, Thus it
is unlikely that variations in frame rate can cause perceptual differences
that affect the operators! ability to visually scarch for and recognize
targets,

It is Benerally agreed that low frame rates (frame rates less than 4
frames per second) cause degraded operator control performance, In this
study, image motion compensation was used to eliminate the problem of
sensor slewing (operator control of scnsor pointing) with the 1, 88 per
sccond frame rate, Thus if nelther target recognition performance or sen-
sor slewing performance should have been affected by frame rate, then why
did operator target acquisition performance Improve as frame rate was
increased?

One possible explanation {s that cven at 30 dB SNR, high frame rates
Improve the video image quality because of visual Integration, A second
explanation is that the sample size (18 trials per each of the nine combina-
tions of SNR and frame rate) was not large enough to describe the true
rolationship between SNR and frame rato, A larger, more comprchensive
simulation study than could be conducted in this program will be required to

rosolve the lssue,
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SYSTEM PERFORMANCE

The second objective of the simulation study was to obtain preliminary
data to determine the level of operator/RPV system performance that could
be expected in an operational system, Figures 10, 11, and 12 contain plota
of cumulative probabllity of correct target acquiaition as a function of range
from target at acquisition, The three figures are for the three {rame rates
investigated, Each figure gives the performance obtalned for the three SNR's

examined,
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In any simulation of this type the difficulty of the target scenes plays a
large part In the level of oporator target acquisition performance obtained,
In the simulation, target scencs ropresentative of the types of torrain and
targets tobe expected in an operation situation were selected. The selected
target scencs were, on a scale of low to high difficulty, in the moderate to
high difficulty region, Thus the range-to-target at acquisition results are
probably a conservative estimate of potential operator/system performance,
For example, with a 30 dB SNR, 30 frames per second frame rate system
one could expect to obtaia target acquisition at ranges between 4000 and
5000 meaters with a probability of mission success greater than 0, 90, At the
other extreme, with a 15 dB SNR, 1, 88 frame per second frame rate system,
one could expect target acquisition at 1000 meters with a probability of
correct target acquisition of less than 0,20, The curves in Figurea 10, 11,
and 12 contaln the basic performance data which the reader can usec to assess

system performance capability,
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Section 4

CONCLUSIONS AND RECOMMENDATIONS

Both video signal-to-noise ratio and video framece raie reliability affecterd
operator target acquisition performance, The postulated interaction between
signal-to-noise ratio and frame rate, however, did not cccur. Thus selec-
tion of a particular value of signal-to-noise ratio can be accomplished without
consideration of frame rate, and vice versa, from the standpoint of visual
integration and operator target acquisition performance. In other words, it
appears that the designer would be better advised to use a low frame rate to
reduce video bandwlidth and thercby gain improved image quality through noise
immunity than to use a high frame rate for improved image quality from
operator visual integration with less immunity to noisc jamming,

The finding that performance improved with increasing frame rate
across all signal-to-noise ratios is difficult to explain, Past rescarch,
laboratory observations, and prevailing theory do not support the obtained
results, Additional rescarch is required to determine the effects of video
frame rate on operator target recognition and sensor slewing performance to
resolve this izsue,

The results indicate that videco signal-to-noise ratio is a more important
determinant of operator target acquisition performance than is video frame
rate for the renges of thesc variables tested. Thus without any other data,
the operator performance tradeoff favers high signal-to-noise ratio over
reduced frame rate. Clearly the video data link must be protected to the
extent that & video signal-to-noise ratio of 20 dB or greater is maintained to
obtain acceptable operator/system performance, With a 22 to 30 dB signal-
to-noise ratlo system, a high probability of migsion success can be expected.
Protection of the wideband video data to achieve a 22 to 30 dB signal-to-noise
ratio is therefore of paramount importance, Bandwidth reduction to achieve
this objective can best be achieved by frame rate reduction and transform

coding (bandwidth compression) techniques, ‘Future research efforts should

concentrate in these two arcas,
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[0 DISTRIBUTION STATEMENT B: Distribution authorized to U.S. Government Agencies only.

[ DISTRIBUTION STATEMENT C: Distribution authorized to U.S. Government Agencies and their
contractors.

[1 DISTRIBUTION STATEMENT D: Distribution autherized to U.S. Departiment of Defense (DoD) and U.S
DoD contractors only.

C1 DISTRIBUTION STATEMENT E: Distribution authorizad to U.S. Departrent of Defense (DoD)
components only.

O DISTRIBUTION STATEMENT F: Further dissemination only as directed by the controlling DoD office
indicated below or by higher authority.

0O DISTRIBUTION STATEMENT X: Distribution authorized to U.S. Government agencies and private

individuals or enterprises eligible to obtain export-controlled technical data in accordance with DoD
Directive 5230.25, Withholding of Unclassified Technical Data from Public Disclosure, 6 Nov 84.

2d. Reascn For the Above Distribution Statement (in accordance with DoD Directive 5230.24)

2e. Controliing Office 2f. Date of Distribution Statement
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3. This report is NOT forwarded for the following reasons. (Please check appropriate box)

[0 It was previously forwarded to DTICon ... (date) and the AD numberis ...

[ It will be published at a later date. Enter approximate date if known.

0 In accordance with the provisions of DoD Directive 3200.12, the requested document is not supplied
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